Abstract
Results
In the FA + group, 50% of female participants and 6.7% of their healthy female peers reported ED. An ED + result was more frequent in FA + individuals than in their healthy peers (p = 0.046) although the association is weak. In the FA + /ED + group, 25.3% of the participants were underweight, and 14.7% were overweight compared to their peers where this reached respectively 4.2% and 2.8% (p<0.005). 74% of the FA + /ED + individuals reported elimination diet implementation and only 15% declared it was medically consulted. The prevalence of ED in the FA + male group was consistently correlated with lack of confidence in FA issues (r = 0.5424) and in the FA + female group with applied medical procedures (r = 0.7069; p<0.005).
Conclusion
These findings suggest that participants with FA especially struggling with lack of confidence in FA issues and those following an uncontrolled, restrictive elimination diet are more prone to food aversion and ED than their healthy peers. Applied procedures are necessary, a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
Introduction that no competing interests exist. the course of both this diseases, the most common biophysiological abnormality in childhood is an imbalance of regulatory activity of the immune system [19, 20] .
Several studies have analysed the prevalence of ED among patients with diet-related diseases, it has not been widely discussed in the context of FA yet, and most of the research is based on surveys and self-reported manifestation. The aim of this study was to compare the prevalence of symptoms of ED in underage patients with immunologically confirmed, longduration FA and in healthy peers, as well as to assess which of the additional sociodemographic, environmental and biological variables can have an influence on this phenomenon.
Method

Participants
The underage participants of the study originated from the group of patients and the control group recruited for the national project entitled "Influence of fermented cow's milk products displaying reduced antigenicity on the immunological response of Warmia and Mazury region's patients with food allergy with consideration of genetic aspects" [No N312 311939] , undertaken in the north-eastern region of Poland. Cross-sectional analyses accounted for the repeated measures obtained from involved individuals (N = 180) during onset at the age of 0-14 years and follow-up after 5 years (N = 156; response rate: 87%). All participants (mean inclusion age 5.9, SD 3.7 years; 55.6% female) were enrolled by collaborating allergologists between the years 2010 and 2014. During the recruitment phase of the study, an allergic group of people (N = 90) and an equitable group of healthy participants were recruited. FA + group was characterized by positive results of immunological serum parameters (total IgE > age norm and specific IgE >0.7 kUA/L) and presence of typical allergic manifestation. The control group, recruited from preschool children, was characterized by negative results of immunological serum parameters (total IgE < age norm and specific IgE <0.7 kUA/L) and no allergic manifestation. Detailed inclusion-exclusion criteria and assessments for the participants in this study were specified in S1 Table in Supporting Information. Also the more comprehensive characteristics of the studied underage population is provided in S2 
Immunological analyses
The total immunoglobulin E levels of the patients were measured using ImmunoCAP (Phadia AB, Uppsala, Sweden) during the recruitment period (IgE-r), whereas the ECLIA method using Elecsys (Roche Diagnostics, Poland) was used during the 5-year follow-up phase (IgE-f). Blood parameters (absolute number of lymphocytes in the blood and albumin content) were determined using a Cobas analyser equipped with Cobas MIRA Plus (Roche Diagnostics). Follow-up measurements and blood parameter determination were carried out by the following authorized laboratories: Prof. Dr. Stanisław Popowski Regional Specialized Children's Hospital in Olsztyn and The Nicolaus Copernicus Municipal Polyclinical Hospital in Olsztyn. Food specific serum immunoglobulins E (sIgE) were determined using the EUROLINE Paediatric profile for allergy diagnosis (EUROIMMUN AG, Lübeck, Germany). Food allergy was confirmed if concentration of IgE specific to food allergens exceeded 0.7 kUA/L. Positive serum tests were confirmed by percutaneous skin tests (Allergopharma-Nexter, Germany) in cooperating medical units. Total immunoglobulin G level and serum IL-2, IL-4 and INF-γ cytokine content were determined using the enzyme linked immunosorbent assay (ELISA) method with commercially available kits (BD Bioscience, USA). Sensitivity of the assays was 7.8-500 pg/mL for IL-2 and IL-4, 4.7-300 pg/mL for INF-γ and 0.021-15 ng/mL for IgG.
Assessments
Data collected for all patients included age, gender, weight and height, and BMI z-scores standardized and calculated for age and gender [21, 22, 23] . Based on BMI z-score body weight status classification was described in S1 Table in Supporting Information. Medical history complemented with demographics data were submitted by parents/ caregivers and/or by the patients themselves, both in cooperation with the allergologist. The standardized questionnaire for the allergic study corresponded to the validated EuroPrevall study questionnaire was supplemented with additional questions about dietary habits, body image attitude, parental and children allergy problems, and FA issue confidence. To assess the frequency of eating disorders (ED + ), the SCOFF [24] , and later, the reference EAT-8 [25] questionnaires, were used. In the analysed population, EAT-8 scores were significantly correlated with SCOFF scores (r = 0.83; p<0.001). The description of both used tests is specified in S1 Text in Supporting Information. Questions were focused on the core symptoms of anorexia nervosa and bulimia nervosa as well as body image and dieting behaviour [26] . SCOFF questions remained a highly effective screening instrument for detection of ED comorbidity with different diseases [27] . M. The age-sex structure of allergic and control population did not differ significantly in the recruitment phase or in the follow-up phase of the observation study although some of the participants had to be excluded (S2 Table) . Nevertheless, a tendency (p = 0.173) towards more frequent eating disturbance in females than in males was initially observed only in allergic group, whereas in the follow-up phase, this phenomenon was statistically significant (p = 0.007) ( Table 2) . A significantly higher susceptibility of FA participants for ED development in the youngest [<6 years old] (p = 0.0041) and in the oldest group [15-18 years old] (p = 0.0027) was observed compared to that of participants in the control group.
Statistics
Birth method and feeding type associations. The monitored population was homogeneous in terms of birth method. No differences were observed in the ED + frequency according to the birth method. Significant differences were noted in the declared new-born feeding type (S2 Table) and its relationship with the health status and tendency towards eating abnormalities in both phases of the study (p<0.008), with a strong correlation of the features (r = 0.5983, p = 0.005). Exclusive breastfeeding was significantly more frequent in the control group than in each allergic group, and eating abnormalities were reported in less than 10% of these participants (Table 2 ). In the FA + S and FA + P groups, mixed feeding co-occurred with a nearly 50% lower prevalence of ED and eating habits.
The place of residence, family history of allergy and its manifestation associations. The place of residence had no significant effect on the ED occurrence. Simultaneously, the initial moderate correlation (r = 0.498, p = 0.005) between living in the city and the tendency to eating abnormalities ceased to be no longer significant (S2 Table) .
A weak but significant increase (p = 0.024) in the number of people with positive family history of allergy in the allergic groups, with no implication on ED prevalence, was observed during the 5-year follow-up. Changes in the observed dominant symptoms with an increased severity of respiratory symptoms (p = 0.011) and skin/mucosal manifestations (p = 0.029), especially in the group of patients suffering from FA + P, were observed during follow-up studies. The type of manifestation was invariably moderately correlated with the tendency towards eating abnormalities (r = 0.5012; p = 0.005).
Applied medical procedures associations. The evaluation of applied medical procedures in allergic groups demonstrated that the dominant diagnostic method in the recruitment phase of the study was medical observation and skin prick tests, which were indicated with equal frequency in the FA + P and FA + M groups. A significant increase (p = 0.002) in the proportion of serum tests as a diagnostic method was observed in the follow-up phase ( Table 1) . Regardless of the used diagnostic method and the diagnosed type of allergy, the predominant treatment approach was the implementation of an ELD that was followed by 65% and 74% of patients in the recruitment phase and the five-year follow-up phases, respectively. During the entire study period, there was a strong correlation between the predisposition to development of eating abnormalities and the type of applied therapeutic method (r = 0.7069; p = 0.005) ( Table 2 ). In addition, patients and their caregivers confirmed the implementation of additional non-medical diets, and only 15% of the participants on any type of diet confirmed that they had received nutrition counselling by a trained dietician or a GP before diet implementation, no 
Clinical outcomes of food allergy and eating disorders
Body weight status. Evaluation of weight revealed that over 30% of allergic children were classified as moderately underweight in the recruitment phase of the study, and this percentage has increased to over 40% in 5-year follow-up, whereas in the control group, this index did not exceed 15% ( Table 1) . There was also a greater proportion of children with low height for age in the recruitment phase of the study (17 There was no general regularity detected in the relationship between the gender and zscores value; however, female patients suffering from FA + M in the recruitment phase of study demonstrated weak but significantly higher and more accurate z-scores than those of the male participants (W/A: p = 0.042; W/H: p = 0.049). During the five years of the study, the average weight of female participants in the FA + M group decreased, and the differences between sex became irrelevant, despite the fact that in this group, most of the obese cases were reported.
Immunological parameters. Strong significant differences in analysed immunological parameters were determined for total IgE concentration not only between particular FA + groups and the controls but also regarding the sex of the patients. Higher levels of IgE were observed in male groups, especially in the recruitment phase of the study, whereas in the follow-up phase, the differences were dependent on the type of manifested FA. The prevalence of ED was positively correlated with the total serum IgE concentration, but only in the female group (r = 0.5995; p = 0.005).
In the serum of majority of the FA + /ED + patients, specific E antibodies against soybean (fl4), egg white (fl), cows' milk (f2) and peanut (fl3) were detected (S1 Fig and S2 Table) . These combinations indicate that implementation of an elimination diet as a preventive method would require eliminating, in almost 52% of FA + cases, two, and in 39% of the cases, three or more sources of allergens. The highest prevalence of ED was observed in the FA + P group following a multiple product elimination diet that excluded soybean (fl4), milk (f2) and wheat (f4) (24.8% prevalence of ED). In the FA + M group, the highest prevalence of ED (17.6%) was observed for a group of individuals allergic to egg white (fl), milk (f2), peanut (fl3), wheat (f4) and birch (t3). In the FA + S group, the highest prevalence of ED was observed in the group of patients suffering from an allergy to cows' milk protein (16.7%).
Moreover, significant differences in serum content of total IgG, IL-2, IL-4 and INF-γ were observed; however, they were dependent only on the type of manifested FA and not on gender. These parameters were also related to the frequency of ED. IL-4/ INF-γ and IL-4/IL-2 ratios 3% and 20%, respectively) . Despite observed differences in levels of both blood parameters among FA -and FA + groups, their possible co-occurrence with ED was observed only for reduced levels of albumin, which was a moderately negative correlation (r = -0.499; p = 0.005) ( Table 2 ).
Correlations of eating disorders in food allergy
Results of a multivariate logistic regression model demonstrated that three combined factors had the strongest influence on ED prevalence in the analysed population: used allergy diagnostic method, dominant allergy symptoms, and therapy implementation (Adj.2), especially in underweight, polyallergic groups (Table 4) . Odds ratios of ED in most of the allergic groups with weight abnormalities were higher (OR>1) than those in the control group. Analysis of probability of ED occurrence in the studied groups adjusted to new-born feeding type, parents' reported food allergy and residence (Adj. The prevalence of eating disorders in food allergy group, the dominant factors turned out to be dieting behaviour co-occurring with unconsciousness of allergen sources and lack of confidence in allergy issue (28.6%). Increased oral control behaviours were reported in the female FA + M group (23.9%).
Discussion
Growth abnormalities and dysfunction of immune system in FA
Prevalence of FA + ED + and body weight status. To our knowledge, this is the first followup study establishing ED occurrence concomitantly with persistent growth abnormalities and dysfunction of the immune system in children with clinically diagnosed FA. The present study covered the north-eastern Polish population living in the area of Green Lungs of Europe, which may explain the low prevalence of FA at 2%. In comparison in the central, rural part of Poland, medically confirmed FA was reported at approximately 8% [6] . In the European population FA prevalence, estimated based on meta-analysis, range from 0.1 to 6.0% [29] . The prevalence may vary slightly between regions and countries; nevertheless, the frequency of declared essential medical procedures applied in FA remains the same, with a dominant role of ELD. This procedure was also the most popular in our study. Moreover ELD has been observed to be correlated with an increased risk of underweight cases, especially in the group excluding multiple products. This result was consistent with Meyer's [30] , who described the UK population, where malnutrition and underweight individuals formed 8.5% of the allergic population, as well as with Flammarion's [31] , who reported the percentage of such cases in the French population at 9.3%. Nevertheless, the ratio of underweight individuals in our population reached almost 30%. This may be explained by three times less frequent dietician supervision compared to that observed in populations of the abovementioned reports. Most FA guidelines recommend including growth assessment for the timely prevention of poor growth, which is one of the indicative factors of malnutrition. Neglect by caregivers of obligatory control after partial relief of symptoms and lack of confidence in the seriousness of the illness may explain the stronger disproportion in the analysed population.
Also the education of young patients suffering from chronic allergy, about allergen sources and procedures for dealing with severe allergic reactions, seems to be neglected; 35.4% of the patients and 18.7% of caregivers reveal a lack of confidence in this issue. This may explain the The prevalence of eating disorders in food allergy reason for a strong and prolonged association of FA and BMI z-score disproportion observed in the analysed FA + population (approximately 30% of the underweight individuals and >30% of the overweight individuals, respectively). It was more significant than that reported in the previously described Italian and Finnish populations suffering from other atopic diseases, such as wheezing (6% / 10%), allergic rhinitis (21% / 26%), asthma (3.5% / 9%) and atopic dermatitis (16% / 20%) [32, 33] . In such diseases, an elimination is also often implemented because part of the food-delivered antigens, such as those from eggs or milk, aggravate their symptoms.
The impact of applied medical procedures on immunological parameters of FA + ED + patients. An increased prevalence of overweight individuals in FA + ED + patients could be associated with side effects of steroid therapy, reduced physical activity, and severity of respiratory symptoms in children [34] . Also incorrect replacement of dietary products containing allergenic proteins with products containing higher carbohydrate and lower protein content in the diet may be the reason of the observed overweight. This situation was greatly strengthened in our study, where lower albumin content, especially in the group with polyallergy to various foods following multi-product ELD, was observed, which could be explained by following the diet long-term, with reduced protein supply (albumin t½ = 20 days).
One explanation of decreased concentration of serum albumin could be the loss of nutrients caused by abnormally increased intestinal permeability, despite the implemented elimination diet, which is often observed in children suffering from cows' milk protein allergy (CMPA). In severe cases, even trace amounts of antigen remnants may cause an increase in the leaking of the intestine [35] . In our studied population, over 50% of the participants declared prophylactic, sometimes without medical indication, use of infant hydrolysed formulas instead of breastfeeding. It has been done even if the infant was not diagnosed as suffering from CMPA. This procedure was common even though it has been stated that formula feeding may be responsible for low body weight and weaker weight-gain of new-borns. In the context of the studies showing that children suffering from atopic disease may have higher caloric and protein needs, primarily if the dominant symptoms of the disease come from skin and mucus [36, 31] such procedure can lead to underweight. In our study, it was observed that this type of manifestation was almost as frequent as gastrointestinal manifestations.
As a result of the use of various dietary treatments, a decreased level of albumin in our population was observed, which may also be observed during inflammatory diseases of the intestine [37] , infections and in other states [38] . This may confound the interpretation of results; however, in our study, we excluded cases with severe inflammatory diseases in the recruitment phase.
The impact of gender and intestinal mucosal integrity on immunological parameters of FA + ED + patients. Moreover, additional factors, such as lymphopenia evaluation and BMIbased factors, were taken into account according to the guidelines of the European Society for Clinical Nutrition and Metabolism [28] . As a result, it was stated that despite the dominant humoral, IgE-mediated mechanism of FA, the frequency of lymphopenia was surprisingly high for FA patients, which was also significantly correlated with the multiple product elimination, both in obese and in underweight FA patients. Despite the occurrence of lymphopenia, we confirmed a typical for allergy Th1/Th2 imbalance with a predominance of the Th2-type response. This imbalance was related to the type of allergy and dominant symptoms but also to the BMI-z-scores and gender. It was analogous to the results obtained by Kilpeläinen et al. [32] , which were focused on the evaluation of atopy prevalence in Finnish children with varying BMI-z-scores and levels of physical activity. In overweight/obese individuals and in female subjects, it was explained by an adipokinedependent mechanism of decreased immunological tolerance to allergens previously described in terms of asthma and allergic rhinitis [39, 40] . Although, it has not been linked to FA so far, it is known that leptin, as the satiety hormone produced by adipocytes, wherein its concentration can be increased in obese people. Also in females patients it may induce a Th1 response. In overweight patients, leptin-resistance may cause locally enhanced production Th1 cytokines such as INF-γ and TNF-α in adipocyte tissue, but it also stimulates IL-6 expression in stimulated macrophages, which in turn increases production of IL-4 and IL-5 systemically under antigen exposure [39, 41, 42] . The observed systemic increase in IL-4 concentration may be explained by the decrease in immunological tolerance to even trace amounts of allergens as a consequence of immunological changes induced by leptin resistance. This observation is analogous to the study of van Huisstede et al. [43] , who evaluated the presence of systemic inflammation as an effect of obesity in asthma.
On the other hand, observed lymphopenia with constant, strong Th2-mediated responses in underweight participants may be explained by the effects of impairment of intestinal mucosal integrity, as well as by imbalanced microbiota composition. It has been demonstrated by Blanton et al., [44] in a Malawian population that immaturity of intestinal microbiota and the resultant metabolic abnormalities may causally be related to underweight status in children. It was also confirmed that immature microbiota from undernourished infants/children may transmit impaired growth phenotypes, which was verified in male germ-free mice models. There are also reports of disturbances in the structure of gut microbiota in underweight patients suffering from ED that reveal an increase in methanogens in the intestinal population [45] or decrease in Lactobacillus reuteri [46] . Similar regularities in microbiota disproportions were previously observed in the course of FA by other studies [47, 48] . It has been associated with an impairment of the microbial PAMP/TLR interactions, enhanced Th2 responses towards antigens and consequent exacerbation of the condition of patients. To sum up this part of the study, we conclude that incorrectly composed elimination diet may directly or indirectly affect immune system activity in FA by causing body weight abnormalities, resulting in impairment of cell-mediated immunity, cytokine production, mucosal permeability, antibody affinity [20] and possibly gut microbial dysbiosis.
ED and psychosocial implications of FA
Psychosocial implications in FA + ED + development. ED and psychosocial implications manifested by increased sensitivity to own appearance typically emerge during adolescence and adulthood but increasing number of cases have been reported even in elementary school and according to the author's observations, such cases may co-occur with FA. Such a phenomenon was previously suggested by Shanahan et al. [49] , who analysed a population of children in the US (North Carolina state). The association of underweight individuals and disturbed body image, classified as anorexia nervosa, with symptoms of FA in that population reached 7.8%. In the currently studied north-eastern Polish population, we observed a stronger association between FA and ED (24.8%); however, unlike Shanahan's study, overweight children were also included in our study because of frequently confirmed compulsive behaviours. Stronger association of FA and ED may have been caused due to a greater homogeneity of the analysed population of allergy sufferers included by clinicians, unlike the population in the abovementioned study, where FA was parent-reported and not physician-verified. Such studies, however, allow for the assessment of the impact of a greater number of psychosocial disorders that may co-exist in the course of FA. For example, Patten et al. [50] observed that FA was significantly associated with mood and anxiety disorders and OR for depression was 1.8 (95% CI 1.5-2.3). Associations of comparable strength were observed for bipolar disorder and panic disorders. Other scientists described several mental abnormalities directly associated with the process of eating as further repercussions of FA in early childhood.
Behavioural implications and impact of lack of confidence in FA issues on FA + ED + development. A common problem that remains among children is selective eating, which consists of eating a very limited range of foods, especially of a particular colour, texture, or brand, with excessive preoccupation with eating healthy food [51] . Furthermore, food phobias can be additionally enhanced by fear of choking, swallowing or vomiting likely preceded by traumatic experiences occurring e.g., in the course of FA [52] . In the studied population, the origins of selective eating and orthorexia nervosa were observed especially in male patients. In female participants dominating ED, there were characteristic of bulimia nervosa in the overweight and anorexia nervosa in the underweight group. It should be stressed that ED was strongly associated with applied therapeutic methods regardless of gender. In the studied population, an increased body weight after steroid therapy and decreased body weight after common, seasonal antihistamine over-dosage was associated with the prevalence of ED. Explanation for this phenomenon could be alterations in histamine signalling in the brain implicated in the inverse relationship between histamine activity and food intake, which in turn results in malnutrition and increases susceptibility to the development of depressive states and anorexia nervosa [53] . Another possible explanation of elevated psychosocial implications may reflect syndromes of adaptations to living with FA. Living with food allergies poses a unique stress for children, adolescents and their parents, resulting in disruptions of daily life [4] , and burdens the activities of adolescents that are crucial for proper psychosocial development in relation to peers [54] . The most aggravating factors in cited studies were attempts to strictly follow an elimination diet, which were also observed in our study. Similar results were observed in the population of children (n = 20) suffering from peanut allergy that demonstrated more impaired quality of life and lower body image confidence than those suffering from insulin-dependent diabetes mellitus (n = 20). In that population, the children suffering from FA reported more fear of an adverse event, more anxiety about eating, and more restriction due to the illness [55] . Finally, there is one possible explanation of strong association of ED and FA that is focused on cognitive-emotional sensitization that involves the central nervous system in complex neuronal networks. Extensive activation of these cognitive networks (prolonged stress), sometimes triggered by peripheral mechanisms (inconvenient FA manifestation and local inflammation), might be a crucial mechanism underlying several subjective health complaints and may lead to a greater perception of illness, deterioration of health and loss of weight [56] . This was originally confirmed by Bell et al. [57] in a group of 490 participants who reported sensitivity to food (wheat, dairy, eggs) and chemicals (pesticide, car exhaust, paint, perfume, new carpet). Although higher emotional deterioration and stronger FA symptoms coexisting with depression symptoms and body weight faltering were observed in these patients, these symptoms were mostly correlated with somatization not with strict immunologic reaction. Based on the aforementioned studies, it could be concluded that the mental condition of patients is an important element in the course of both allergic diseases and ED.
Limitations and directions for future research
First, the population of the north-eastern region of Poland is representative of the communities from which it was sampled, but probably not of the whole Polish population. Findings should be extended and confirmed in studies that include participants from other regions. Nevertheless, the Polish population is perceived to be rather homogeneous in ethnic and racial terms. Second, the population of FA children were recruited based on serum tests and symptomatic evaluation of clinicians, and not based on double-blind food challenges, which is seen as a reference method in the diagnosis of FA [58] . This may be perceived as a limitation of the present study; however, we wanted to establish the psychosocial impact of different variables on ED frequency, taking into consideration the most common and acceptable allergy diagnostic criteria used in Poland.
Third, the age of children in the follow-up phase ranged from 5-18 years and required double self-and parent-reported ED evaluation because almost 9% of the children were too young to cope on their own with the SCOFF and EAT-8 questionnaire, which may cause slight overestimation of the prevalence of ED. On the other hand, the youngest children unable to respond on the questionnaire on their own have been categorized into various FA groups including control, so the general trend is not falsified. Finally, the present study is limited by no intestinal microbiota biodiversity information of the studied population. However, a case study report about observed disproportion of skin microbiota in female representative of studied population has been previously published [59] . Nonetheless, the study provides a strong background for future research devoted to microbiota. Moreover, while the investigations should be continued on present group of participants, the pool of subjects should be expanded to include groups of adult and elderly people with FA and people who have been diagnosed as underweight or with confirmed anorexia nervosa, who during their childhood suffered from allergy but in whom tolerance has developed.
Conclusions
To recapitulate, this work confirms the correlation between the state of allergy, applied procedures, weight abnormalities and ED occurrence in early life. Proper allergy education and dietician-supervised establishment of diet, especially for people with a positive family history of allergy, may contribute to more efficient allergy therapy in early life and in the reduction of ED in the future. An important factor seems to be the different psychosocial susceptibilities of allergic people, whereby evaluation of such susceptibilities could be included in the assessment of the health condition of the FA patients. Studies on the impact of ED and psychosocial implications on intestinal microbiota and immune system in FA but also in the course of other diseases should be continued due to the need of a pathomechanism explaining the conditions and to enlarge the scale of the conducted research.
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